Muscle biopsies from two female patients with systemic sclerosis (SS) and an inflammatory myopathy were studied ultrastructurally in relation to the possible presence of apoptosis in skeletal muscle fibers. Undergoing apoptosis showed characteristic morphological features of this process, including chromatin aggregation as well as nuclear and sarcoplasmic partition into membrane bound-vacuoles (apoptotic bodies) which contained autophagosomes, mitochondria, isolated myofilaments and nuclear material. Vacuoles exhibited different diameters and were covered by single membranes, appearing beneath basement membrane. Apoptosis occurred in some fiber segments as in necrosis or included whole atrophied fibers. These results indicate that apoptosis coexists with necrosis in the inflammatory myopathy of SS.
Introduction
Controversial evidence has been presented in several studies in relation to the occurrence of apoptosis in diseased skeletal muscle. Apoptosis was not found in dystrophinopathies, myotonic dystrophy and inflammatory myopathies such as polymyositis (PM), dermatomyositis and inclusion body myositis [1] [2] [3] [4] .
Contrary to the result found in autoimmune diseases as in the mentioned inflammatory myopathies, there is an increasing body of evidences indicating that How to cite this paper: Finol, H.J., Osorio-Vega, H.L., Dorta-Ledezma, R., Roschman-González, A., Muller [8] . This could take place in autoimmune muscle diseases such as polymyositis and inclusion body myositis (IBM). Apoptosis has been observed in skeletal muscle biopsies obtained from patients with spinal muscular atrophies [1] .
In ultrastructural studies of myositis and inflammatory myopathies associated with rheumatic diseases, it has not yet been described apoptosis in skeletal muscle fibers [9] [10] [11] . In the present work, we report ultrastructural evidences of apoptosis in SS inflammatory myopathy which coexists with the already described segmental necrosis [11] .
Materials and Methods
Patients admitted to the study were attending the rheumatologic clinics at the Caracas University Hospital. The Ethics Committee of the Hospital approved the project and the subjects gave written consent. Patients (two women) had definite SS as assessed by Subcommittee for Scleroderma Criteria of the American Rheumatism Association [12] . Patients presented proximal muscular weakness and minimal muscle wasting. They showed no signs of concomitant rheumatic disorders. Antibodies to ribonuclearproteins (RNP) of the extractable nuclear antigens (ENA) were absent in all cases.
Light microscopic observation of quadriceps femoris muscle biopsies showed fiber atrophy with wide variation of fibers size, occasional necrotic fibers and mononuclear cell infiltration. For transmission electron microscopy, muscle biopsies were obtained. Each specimen was diced into 3 -4 blocks about 1 mm long; they were fixed in 3% glutaraldehyde in phosphate buffer for 30 min at pH 7.4 and 320 mOsm, postfixed in 1% OsO 4 and embedded in epon resin. Sections were cut with a diamond knife in a Porter-Blum MT2-B ultramicrotome and stained with uranyl acetate and lead citrate. Sections were observed in a Jeol JEM-1011 transmission electron microscope, at an accelerating voltage of 80 kV.
Results
As it was described in a previous work [11] , different degrees of fiber atrophy are evident in SS inflammatory myopathy with alterations in the sarcomeric structure and loss of elements of the sarcotubular system which varied from slight to severe (Figure 1(A) ). In this Figure, the skeletal muscle fibers show atrophy with a widening of the subsarcolemmal and intermyofibrillar spaces. In these spaces fragments of the sarcotubular system (T tubules and sarcoplasmic reticulum), and mitochondria with different morphology and degree of swelling are seen. Apoptosis at the end segments of some fibers was observed with apoptotic bodies forming vacuoles of different diameters (Figure 1(B) ), appearing beneath basement membrane. Some of the bodies showed chromatin condensations while others exhibited only sarcoplasmic debris. Partition of other atrophied areas of fibers was also seen showing the fragments rests of contractile and sarcotubular systems, mitochondria, autophagosomes and lipofuscin granules (Figure 2(A) ). The initiation of the apoptotic process is shown in Figure 2(B) where the partition of a very atrophied fiber produces different fragments, exhibiting most mitochondria with a normal morphology, lysosomes, a lipofuscin granule and isolated myofilaments. One of the fragments shows an indentated nucleus with the hetrochromatin located peripherally and possibly may represent a satellite cell because of complete absence of myofilaments and the presence of a centriole next to the nucleus. Additionally to the presence of myofilaments and mitochondria, some muscle fiber fragments presented autophagosomes of distinct complexity (Figure 3(A) and Figure 3(B) ). 
Discussion
Apoptosis has been studied in the rheumatic diseases, rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE). The presence of apoptotic cell death was confirmed in synoviocytes using DNA extraction and electrophoresis, electron microscopic analysis and DNA Nick end labelling (TUNEL assay) [13] . In SLE patients with augmented inflammatory, activity and/or the dominance signaling through γc-chain cytokine receptors is affected, conducing to facilitated apoptosis of activated lymphocytes [14] . Additionally, changes in redox status and increased lymphocyte apoptosis have been associated with the development of SLE [15] . In SLE and RA, myositis has been described [9] [10] [16] , but an apoptotic process had not been observed. On the contrary, activation of autophagia and suspended apoptosis were reported in IBM [4] , and in other idiopathic inflammatory myopathies, several studies have failed to detect apoptosis in inflamed muscle tissue [1] [3] [17] . Apoptotic cells detected by TUNEL method in skeletal muscle biopsies from patients with PM were identified as infiltrating cells. It has been considered surprising because PM-affected skeletal muscle is known to be invaded by cytotoxic T lymphocytes [18] [19] , that are capable of provoking apoptosis of target cells. It has been suggested as mechanism of this resistance to classical apoptosis in skeletal muscle cells of patients with myositis the expression of the antiapoptotic molecule FLICE (Fas-associated death domain-like IL-1-converting enzyme)-inhibiting protein (FLIP) in muscle fibers and on infiltrating lymphocytes of myositis biopsies [2] . But at least in the case of TUNEL staining, several studies have shown that it cannot always be possible to distinguish apoptotic and necrotic fibers [20] [21] . Despite its well-accepted status, TUNEL method is not usually used as the only apoptosis assay and is frequently paired with other assay [22] . On the contrary, distinction of a dying cell as apoptotic is considered irrefutable if the cell meets ultrastruc-tural criteria using a conventional transmission electron microscope [22] .
The observed apoptotic process in SS inflammatory myopathy at the end segment of skeletal muscle fiber with elimination of nucleus would correspond to the so called "apoptotic nuclear death" [23] which certainly does not implicate the death of the entire multinucleate muscle cell. Nevertheless, the partition of a complete atrophied skeletal fiber was seen in the present work and described in Figure 2 (B), which means that this type of multinucleated cell exhibits both the apoptotic nuclear death and the destruction of the entire cell as in mononucleated cell apoptosis. It is interesting to point out that the preservation of basement membrane as we saw in apoptosis at the end fiber segment has also been described in the skeletal muscle regenerative process [24] [25].
Our results would constitute the first ultrastructural report of apoptosis in SS inflammatory myopathy and would emphasize the importance of transmission electron microscopy in the study of apoptosis although one of its disadvantage is that only a small portion of sample can be observed at one time [22] .
